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Abstract 
Investigation of refrigerator-caused fires is a very comprehensive work. The investigator must master its working principles and structural 
characteristics in order to identify the cause of the fire, and to provide guidance for fire scene sampling, so an analysis of the probable 
fire-causes should be introduced. This paper analyzes the working principles, structural characteristics and probable fire-causes of 
household refrigerators, and summarizes the general principles, methods and procedures in an investigation of refrigerator-caused fire 
combining with a detailed analysis of survey operation upon a fire case. The sampling and analysis of the melted mark consider the 
distribution of the surrounding flammable objects, spread traces of fire, melted mark appearance and microstructure characteristics, poor 
heat dissipation and smoldering temperature field of insulation layer on the internal structure of the melted mark. 
© 2012 The Authors. Published by Elsevier Ltd.  
Keywords: fire investigition;  refrigerator; melted mark; microstructure 
1. Introduction 
Refrigerator, a necessary common household appliance, is a small-scale cooler. In recent years, refrigerator-caused fires 
have happened often, resulting in huge damage every time they occur. In various refrigerator-caused fires, whose causes 
related to electrical reasons comprise a primary part of these incidents; therefore, the analysis of traces and other material 
evidence, especially those connected with electric fault within a refrigerator, are crucial to preclude and identify 
refrigerator-caused fires[1]. Analyzing refrigerator-caused fires is itself a complicated and technically oriented task; however, 
because both the fire itself and the act of putting out fire has a destructive effect on traces and other evidence in the 
refrigerator, and the cause of fire sometimes related to applying new technology or material made use in the refrigerator, the 
difficulty of identifying and analyzing the cause of a refrigerator-caused fire is even higher[2]. 
This paper attempts to summarize the causes of refrigerator-caused fires by analyzing the working principles, structural 
characteristics and probable fire-causes of a refrigerator, and to summarize the general principles, methods and procedures 
in an investigation of refrigerator-caused fire. This paper also makes use of an example in identifying traces and material 
evidence in an incident of refrigerator-caused fire to discuss extracting and identifying these traces and material evidence. 
                                                          
* Corresponding author. Tel.: +86-20-39332230. 
E-mail address: moshanjun@gmail.com 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of School of Engineering of Sun Yat-sen University
527 Yang Wen-bing et al. /  Procedia Engineering  52 ( 2013 )  526 – 531 
2. Investigation of refrigerator-cause fires 
2.1.  Structural characteristics of refrigerator 
Primarily, household refrigerators consist of cabinet, refrigeration and electrical control system (Figure 1)[3, 4]. Among 
these three chief parts, the refrigeration system is mainly composed of compressor, condenser and evaporator; the electrical 
control system is usually composed of start-up relay, thermal protection relay, overload protection relay, temperature 
controller and defrosting controller. Household refrigerators all make use of closed compressors, in which the main part of 
compressor and motor are sealed in a single body of metal cavity. The compressor uses the repeated sequence of motion 
of expanding, inhaling, compressing and exhausting to inhale and compress low-temperature refrigerant evaporated from 
the evaporator, so the refrigerant becomes a high-temperature gas that circulates the system and achieves cooling. 
 
  
Fig. 1. Refrigerator system schematic view of the structure and control circuit
2.2. Investigation of refrigerator-cause fires due to electric fault 
Given the refrigerator is where the fire started, and the fire is not caused by an explosion in the refrigerator, then the main 
focuses of investigation are cables, plugs, plug boards, switches and relays within the refrigerator, and the characteristics of 
the fire. Specifically, the investigation should be carried out according to the following points: 
Firstly, the burning traces and characteristics of items beside the refrigerator should be checked, so that it is reconfirmed 
that the side facing the refrigerator is the heated side. The investigator should also notice the distance between the walls and 
other flammable objects to the refrigerator, observe the extent of carbonization of the flammable parts of the refrigerator, 
and measure the types and quantities of flammables, which surround the refrigerator, so that the investigator could analyze 
whether the compressor or the condenser is hot enough to ignite the flammables, and reproduce a scene of the conflagration 
around the refrigerator. 
Secondly, the burning traces in the refrigerator are then investigated. Usually, in a scene of conflagration with the 
refrigerator as its center, the refrigerator is so devastatingly damaged that sometimes only the metal part remained, so that 
the spreading route of the fire within the refrigerator could not be easily extrapolated. In this circumstance, the investigator 
could observe the deformation of the remaining metal parts and the traces of smoke on the shell of the refrigerator, so the 
investigator could determine a rough position and spreading direction of the place of the highest temperature in the 
refrigerator; with the characteristics and quantity of the objects around the refrigerator and the characteristics of flammable 
material inside the refrigerator, the investigator can then extrapolate the part of the refrigerator where the fire started. When 
the damage of the conflagration is even more severe, it is unrealistic to find the place the fire started only by checking the 
burning characteristics of the refrigerator; however, the requirements could alter when the fire was not very damaging that 
the burning traces and direction could be easily seen on the refrigerator. 
Thirdly, the power-supply cables and plug boards are investigated. The first part of the investigation of the electrical 
circuits and components in the refrigerator is checking whether there are melted beads or traces caused by short circuits on 
the power-supply cables and plugs. The insulations of the cables around the overheated compressor or condenser are most 
likely to be destroyed, so that short circuits would be happened, resulting in electrical sparks or arcs that would ignite 
surrounding flammables; therefore, cables around the compressor and condenser must be checked with higher attention. 
Even if primary melted beads are found on the cable, it only satisfies to identify short circuit as a cause of fire after it is 
confirmed by checking the burning characteristics of surrounding flammables that the place of short circuit is also the place 
of the start of the fire. In a highly damaged scene of conflagration, it is unlikely to find traces of primary short circuits; 
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moreover, due to the damage given by the fire itself, the act of extinguishing the fire and the lack of experience or 
thoroughness of the investigator, it is even more unlikely that a trace of primary short circuit, which is the most direct and 
most important evidence, would be found in the investigation. Although other burning traces could show that the fire is 
caused by the refrigerator, it is a pity that there is no direct evidence. 
Another part of the investigation is to check for possible short circuits within the compressor that could ignite 
surrounding flammables. Since the main part of the compressor and the motor are sealed in one shell of metal plates, a short 
circuit in the coils of the motor does not produce sputtering arcs or sparks. However, the main part of the compressor is a 
fire hazard, because a current of high intensity is passing through the compressor before the short circuit happened, and the 
heat produced in the process could destroy the insulations of surrounding cables or ignite the covering flammables. 
Therefore, to identify whether the cause of the fire is an internal breakdown in the compressor, the only thing to check is 
whether the coil of the motor in the metal shell is burned from the outside or burned from the inside. Overheating in the 
inside (of the coil) implies overloading and short circuiting, so there must be a high level of carbonization in the interior of 
the coil; on the contrary, overheating on the outside only suggests carbonization on the exterior of the coil. Due to the 
protection given by the metal plates, the traces of carbonization should not be severe on the outside; the metal luster could 
be seen by merely wiping the carbonizations with absorbent cottons. 
Moreover, if the refrigerator is connected to refrigerator protectors or plug boards in front of the refrigerator, the 
investigator should also check whether the refrigerator is burned from the inside or from outside. If the burning traces of the 
refrigerator protector are directed from the outside to the inside, then it is unlikely the fire is caused by the protector; on the 
contrary, a trace directed from the inside to the outside suggests a high probability of a protector-caused fire. To investigate 
the plug boards is primarily to find the plug of the refrigerator on the plug board and check if there are traces of arcs; if there 
are such traces, the investigator needs to perform a further check about whether the traces are of primary short circuit or 
secondary short circuit. Only the traces of primary short circuit can help the investigator deduce that it is the arcing caused 
by bad connections (or other breakdowns) in the plug or plug board connected to the refrigerator that ignited its surrounding 
flammables and cables, to the point, that severer electrical breakdowns and a full-scale conflagration took place. 
Fourthly, the switches and relays in the refrigerator must be investigated. If the burning traces suggest that the fire initiate 
and spread from the inside of the refrigerator to the outside, and that the fire was not particularly damaging, the investigator 
could check the burned parts of the temperature-controlling switches, the light switches, and the protective layers of the 
protecting and starting relays. Moreover, if the fire is caused by malfunctions in the components mentioned above, the 
plastic interior of the protective layer would be severely damaged, and the burning traces would be directed from the inside 
to the outside. 
3. Trace analysis in a refrigerator-caused fire 
The fumigation, the most common phenomenon observed in fire scenes, is an important characteristic of a flammable-
ignited smolder; it is formed by the adhesion of a massive concentration of carbon ions, when they float and spread through 
the flow of the smoke. The formation and shape of the fumigation are dependent on the conditions for combustion, 
temperature of combustion and environmental factors. Flammables emit a great amount of heat and smoke in an indoor 
open space, forming a high-temperature environment; because of the buoyancy caused by the temperature gradient between 
the hot fumes and the surrounding air, the fumes are driven from the flames directed upwards, resulting in a plume motion. 
After the hot fumes have risen, air from their surrounding directions fills up the empty space created by the rising fumes, 
forming a cylindrical symmetric flow of a plume. The high-temperature cylindrical symmetric flow of the plume is stable; 
primarily, it radiates a huge amount of heat to the walls or surfaces of other objects. Since the initial temperatures of the 
walls or surfaces of other objects are relatively low, the rate of heat exchange between the fire plume and the objects at a 
certain distance is high, so fumigation is likely to be imprinted on these objects; moreover, since the fire plume is at a 
distance to the objects, the cylindrical symmetric plume cannot entirely project the cylinder on the object, resulting in a faint 
vertical projection of the cylinder; more specifically, the fumigation looks like the letter “V”. From the flowing patterns of 
the fumes, the investigator could find the direction of the spread of the conflagration from the fumigation, and identify the 
place the fire started[5, 6]. Usually, the place at the bottom of the “v” shaped fumigation is the place the fire started. 
The bottom and the top of the refrigerator were on fire (Figure 2). The upper cabinet of the refrigerator is severely 
damaged; deduced from the collapsing patterns is the fact that the fire spread from the back to the front and from the top to 
the bottom (Figure 3a). The damage on the temperature-sustaining layer on the back of the refrigerator is of a typical 
smoldering pattern, with its shape identical to a reversed letter “V”; the fire on the layer spread from the bottom to the top; 
the layer on the upper part that is close to the baffle plate was burned into holes (Figure 3b). 
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4. Trace analysis on the material evidence 
When the fire started, the part where the current was flowing short circuited and formed short circuit melted mark, and 
the part where no current was passing was burned into normal melted mark. Short circuit melted marks are divided primary 
short circuit melted marks and secondary short circuit melted marks by the point of time they were formed[7-9]. Primary 
short circuit melted marks are the marks of short circuits in the aluminum or copper wires before the fire started; they are 
the marks for the ignition, and their positions are usually the position the fire started. Secondary short circuit melted marks 
were created when the insulations of the (current occupied) aluminum or copper wires were destroyed by exterior fire or 
heat; although they are not the melted marks that signified the start of the fire, they can show the direction with which the 
fire spread and possibly the starting point of the fire. Melted marks created by fire are the traces of aluminum or copper 
wires melted by the fire or heat. Therefore, the investigator can find the overall direction of the spread of the fire and the 
place the fire started by searching for primary, secondary and fire melted marks and checking the states of the protecting 
fuses. 
The fire scene survey results show that the back of the refrigerator was wall-placed, which placed cardboard boxes, food 
packaging bags and other combustible materials on the top, and few combustible materials beside the bottom. It can narrow 
the search until the Combustibles on fire and the fire spread traces have been analysed to find a copper pipeline melted mark, 
which is very close to the wire in the lower part of the refrigerator. The pipe section of melted mark is tightly wrapped by 
refrigerator insulation layer. The copper shell of the refrigerator combined with pipeline was connected to the ground. It can 
be concluded that the melted mark position had caused a short circuit according to the position of copper pipeline melted 
mark and residual wire fracture(Figure 4), although it can’t find the wire melted mark(may be the role of the fire damage, or 
lost when sampling in the fire scene). 
 
 
Fig. 2. Images of refrigerator exterior: (a) front; (b) right side; (c) back; (d) left side 
 Fig. 3. Images of refrigerator inside: (a) inside of box; (b)inside of back plate 
(a) (b) (c) (d)
(a) (b)
530   Yang Wen-bing et al. /  Procedia Engineering  52 ( 2013 )  526 – 531 
Fig. 4. Images of origin of fire: (a) Compressor parts; (b)Melted mark of pipeline 
When inferred the melted mark sampling from possible position of fire started, the melted mark’s appearance and 
metallographic are analyzed as follows: Sample 1 is from a fine copper pipeline fracture with a rough surface (Figure 5), 
microstructure of fine equiaxed crystal, deep color, holes, clear boundaries, and not molten copper microstructure is 
equiaxed grains (Figure 6); sample 2 is from a rough copper pipeline fracture with a rough surface of melt thickness change 
(Figure 7) ,microstructure of equiaxed crystals (Figure 8). It can be determined that the sample 1,2 were a formation for 
short circuit through visual observation and microstructure analysis. Combined analysis of combustible materials around, 
the fire spread traces, melted mark appearance and microstructure, as well as considering poor heat dissipation and 
smoldering temperature field of insulation layer can make evolution of cellular dendrite to equiaxed grain in a melted mark 
(Reference )[10], it can determine the sample of melted mark as a short circuit melted marks. 
 
           
Fig. 5.  The appearance of fine copper pipeline melted mark 10x          Fig. 6.  The microstructure of fine copper pipeline melted mark 50x 
           
Fig. 7.  The appearance of rough copper pipeline melted mark 10x       Fig. 8.  The microstructure of rough copper pipeline melted mark 50x 
(a) 
(d)
(b)
(a) (b)
(d)
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5. Conclusions 
In this paper, by analyzing the working principle of household refrigerators, structural characteristics and fire factors, 
summed up the general principles, methods and procedures in the investigation of refrigerator-caused fires, and a detailed 
analysis of the survey operation combined with fire case, can be concluded as follows: 
Firstly, the investigation of refrigerator-caused fires is a very comprehensive work. The investigator must master its 
working principles and structural characteristics in order to identify the cause of the fire, and to provide guidance for fire 
scene sampling, so an analysis of the probable fire-causes should be introduced; 
Secondly, the investigation should be careful on the combustion characteristics of refrigerators itself and the surrounding 
objects to confirm the heating surface of shell and the fire spread traces; 
Thirdly, investigate the fire spread traces exploration combined with the internal and external electrical circuit of the 
refrigerator to find the point of electric fault in order to determine the fire-started point; 
Fourthly, carefully investigate the smoldering exploration traces of insulation layer inside the refrigerator, and deal with 
the relation of sampling point and the position of insulation layer carefully. In order to make a more accurately determine of 
the type of melted mark, the sampling and analysis of the melted mark must consider the distribution of the surrounding 
flammable objects, spread traces of fire, melted mark appearance and microstructure characteristics, poor heat dissipation 
and smoldering temperature field of insulation layer on the internal structure of the melted mark. 
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